An increased expression of atrial natriuretic peptide (ANP) has been reported in activated macrophages of the acutely involuted rat thymus. We communicate here that ANP may reflect a common constituent of macrophages, as mRNA coding for ANP is present in peritoneal-as well as in bone marrow-derived macrophages (PM, BMM). Furthermore, both types of macrophages synthesize and release ANP which was found to mainly represent the biologically active fragment ANP99-126.
Introduction
It is commonly accepted that atrial natriuretic peptide (ANP)' plays an important role in cardiovascular physiology (for review see reference 1). However, there is increasing evidence that its spectrum of biological activity may exceed the latter (2, 3). 1 . Abbreviations used in this paper: ANP, atrial natriuretic peptide; BM, bone marrow; BMM, bone marrow-derived macrophages; CN, control cells; Dex, dexamethasone; DHR, dihydrorhodamin-123; gDNA, genomic DNA; PM, peritoneal macrophages.
For instance, ANP has been described to affect the reproductive system (4), to elicit antimitogenic (5) and to possess cytoprotective effects (6) . We previously reported that this peptide is present in various organs of the immune system (3, (7) (8) (9) and more recently, this notion has been further strengthened by the finding that ANP expression is regulated in immune organs. In fact, ANP-mRNA of the thymus is strongly elevated upon treatment of rats either with dexamethasone or exposure to xrays (10, 11) . Detailed studies revealed that thymic ANP is localized in macrophages ( 11, 12) , a finding recently confirmed by others (13) . The increased ANP production of the acutely involuted thymus was suggested to be linked to the activation of thymic macrophages caused by the vast lysis of thymocytes (11, 12) .
The studies conducted so far have left unanswered, whether the augmented ANP expression constitutes a general phenomenon of activated macrophages or reflects a specific response of thymic macrophages to acute involution of the organ. Moreover, no information is available as to whether ANP expression in macrophages is accompanied by release of this peptide.
It was the aim of the present study to examine as to whether macrophages other than those in the thymus express and secrete ANP. For this purpose, cell cultures of bone marrow-derived macrophages as well as peritoneal macrophages were investigated. It was further intended to study whether activation of macrophages in culture upon exposure to various stimuli leads to an increased ANP production and secretion. These experiments shall evaluate as to whether ANP represent a general constituent of macrophages and whether the peptide underlies specific regulatory mechanisms.
Methods

Cells
Bone marrow-derived macrophages (BMM). Bone marrow cells were obtained by flushing (RPMI medium, GIBCO, UK) femurs of mice (Balb/c, female, 20 g) and seeded into cell culture flasks (2 X 10' cells/ ml, 175-cm2 flasks; Greiner, Frickenhausen, FRG). Culture medium was composed of RPMI medium, containing 20% (vol/vol) L-cell conditioned medium (LCM) as a source of the macrophage growth factor (14) , 10% FCS (GIBCO) and penicillin (100 U/ml)/streptomycine (100 ug/ml). After Chromatographic analysis of extracts of cells and medium Cells. Cells were washed twice with PBS (40C) before 1 M acetic acid (950C) was added to the monolayer, followed by boiling for 1 min in the microwave. Cell debris was harvested (rubber policeman) in acetic acid and centrifuged (20,000 g, 20 min). Clear supernatant was pumped (0.5 ml/min) onto Sep Pak C 18 cartridges (Waters, Milford, UK) and washed with 0.1% trifluoroacetic acid (TFA). The retained material was eluted with 60% acetonitrile/0.1% TFA. After lyophilization, cell extracts were analyzed by RP-HPLC (.uBondapak, 20-50% acetonitrile in TFA, flow rate 1 ml/min) and RIA as previously described (7) (8) (9) .
The concentration of ANP-IR in FCS has been determined after extraction (1 ml) by Sep Pak C18 cartridges using RIA (see above) and amounted to 34 Quantification of intra-and extracellular ANP-IR relates to three independent cell preparations both for stimulated and unstimulated cells. Values are given as means±SD and differences in ANP levels were evaluated by Student's t test (P < 0.05 significant differences).
Recovery. For determination of extraction efficiency 1"I-ANP (30, (21) . cDNA synthesis was performed as described (21, 22) except for the fact that the efficiency of reverse transcription was evaluated by adding (a-32P)dCTP (400 Ci/mmol; Hartmann Analytic, Braunschweig, FRG)
to an aliquot of the reaction mix. Incorporated radioactivity was determined after separation of free-labeled dCTP using glass fiber filters (GF/B; Whatman, Maidstone, England) (23) . cDNA synthesis efficiency varied between 40 and 80%, and cDNA content has been equalized prior PCR analysis. PCR has been performed as described (21, 22) . Briefly, sense primer (5'-CAGCATGGGCTCCTTCTCCA-3') and antisense primer (5'-GTCAATCCTACCCCCGAAGCAGCT-3') corresponding to the first and second exon of the mouse ANP gene (20) as well as Taq DNA polymerase (2.5 U/tube; Promega, Heidelberg, FRG) were used. 37 cycles were performed. Experiments assessing conditions for linear amplification, i.e., variation of initial amount of cDNA and genomic DNA (gDNA) as well as of number of cycles, were conducted. Identical efficiencies of gDNA and various cDNA amplifications were demonstrated by parallelity of kinetic curves (20-45 cycles) of amplification. Quantitative PCR. For relative quantification of PCR products the competitive polymerase chain reaction has been used as described earlier (24) . A constant amount of cDNA (30 ng) and serial dilutions of competitor DNA (mouse gDNA 25-200 ng) were amplified in 37 cycles as described earlier (22), except for the fact that each reaction mixture included (a-32P) dCTP (1 1sCi; 3,000 Ci/mmol). Aliquots (6 ILI) of PCR products were analyzed (gDNA 555 bp; cDNA 451 bp) by acrylamide gel electrophoresis (6% acrylamide) with silver nitrate staining (23) followed by exposure to an x-ray film (-70°C, 12 h). Thereafter, the specific bands were cut into vials containing scintillation liquid, and the radioactivity counted (/3-counter; Beckman Instruments, FRG). In all sets of experiments the presence of possible contaminants was checked by control reactions in which either cDNA was omitted or mRNA (30 ng) instead of cDNA was added. As positive control, cDNA (5 ng) from mouse ventricles was included, of which PCR amplification product has been sequenced before (22) . PCR amplification of samples has been performed in triplicates and the experiments repeated three times with independent cell preparations.
Immunocytochemistry
BMM were grown (not reaching confluence) on glass slides in cell culture dishes (RPMI medium 10% FCS, 20% LCM). PM (thioglycollate elicited) were seeded for 2 h (37°C, 5% CC2) on glass slides. Cells were fixed with Zamboni's fluid (25) (10 min, 25°C), washed with PBS and subsequently treated with 0.0025% digitonin (Sigma) in PBS (10 min, 25°C). To block binding of antibody to Fc receptor sites on the macrophages cells were incubated with normal mouse serum (1:10 diluted, 20 min, 25°C), followed by incubation with diluted normal goat serum (ABC Vectastain kit; Vector Laboratories, Inc., Burlingame, CA) (10 min, 25°C). Two different antisera ("Loisl" and "Toni," 1:800 and 1:1600 dilutions in PBS) (7) were employed as primary antibody (2 h, 25°C). After incubation with biotinylated goat anti-rabbit IgG (1 h, 25°C), the ANP-immunoreaction was made visible by incubation with diaminobenzidine tetrahydrochloride (1 mg/ml) and hydrogen peroxide (0.01%) (90 s, 25°C). Cells were counterstained with 0.01% hematoxylin for 5 s. Controls included omission of the primary antisera, use of normal rabbit serum (1:800 dilution) and anti-ANP antisera preabsorbed with ANP99-126 (5 Osg/ 100 tl, 24 h, 4°C).
Cortisol-like material in the culture medium Cortisol-like immunoreactivity in RPMI medium containing LCM and FCS has been determined by ELISA (26). For some experiments concentration of cortisol-IR in the culture medium has been diminished by adsorption to charcoal (Norit; Merck, Darmstadt, FRG; column 2 x 25 cm, flow 1 ml/min).
Results
Characterization of cells Unless noted differently, cells were cultured in medium containing 10-9 M cortisol-like material (ELISA) originating from FCS. To prove the identity and purity of cultured cells, PM and BMM were examined for the presence of macrophage-specific antigen F 40/80 by FACS analysis (Fig. 1) as well as for unspecific esterase activity (NASAE) (data not shown). Referring to these criteria both cell types were shown to be 90% pure. Furthermore, functional activities of the cells have been proven by their response to LPS (1 jug/ml, 24 h), as it stimulates phagocytosis of opsonized, fluorescent latex particles. Furthermore, exposure to PMA (Io-7 M) as well as to zymosan (106 cells/ml) elicits an increase of respiratory burst activity (Fig.  1) . Both functional parameters were examined by means of flow cytometry as described (17, 18) . ANP-mRNA expression and production in mouse peritoneal and bone marrow derived macrophages Expression of ANP-mRNA in PM as well as BMM has been demonstrated by Northern Blot analysis (Fig. 2) . Hybridization of purified mRNA (20- immunocytochemistry. By means of ANP antisera, recognizing different epitopes of ANP (7), both types of macrophages show intense cytoplasmatic ANP-immunostaining. A representative experiment employing BMM is shown in Fig. 3 . Immunostaining was absent using either normal rabbit serum or antisera that has been preabsorbed with synthetic ANP99-126 (Fig. 3) . ANP-IR in macrophages was further confirmed and characterized by HPLC-analysis of cell extracts and RIA. As shown in Fig. 4 , immunoreactivity of BMM cultured under standard conditions (10-9 M cortisol-IR), elutes as a major peak corresponding to ANP99-126. In addition, small amounts of ANP-IR referring to the precursor form ANP1-126 were found (ratio ANP1-126/ANP99-126 = 1:5). Extract (21) . Thereby, equal efficiencies of amplification of the ANP specific sequences of gDNA and cDNA, respectively, have been proven by parallel kinetic curves (20-45 cycles) of amplification. Fig. 5 shows a representative experiment performed with cDNA (30 ng) from unstimulated and stimulated (zymosan, 106 cells/ml, 18 h) PM with decreasing amounts of standard DNA (gDNA, 200-25 ng) added. As the gDNA decreases, the signal of the amplification product (555 bp) became less intense, and intensity of the target cDNA (451 bp) increases. Bands were cut, quantified by their amounts of radioactivity and the PCR product ratio (gDNA/cDNA) was plotted as a function of the initial amount of gDNA (Fig. 6) .
Based on the equivalence region, where the PCR product ratio was around 1, a shift towards right of the curves obtained from cells stimulated with LPS (1 ,ug/ml, 18 h) and zymosan (5 X 106 cells/ml, 4 h) indicates increased amounts of PCR products (Fig. 6) . Dex (10-7 M) and PMA (10-7 M) display either moderate or no stimulatory effect on ANP-mRNA. (Fig. 8) . Calculating the total amount of both intra-and extracellular ANP-IR it appears that DEX elicits a 1.7-fold, LPS a 2.8-fold and the combination of both substances a 5.5-fold stimulation of ANP in macrophages.
Discussion
The presented paper communicates the following major find- (-) and PMA (*) as described in Methods. Curves were obtained by excising the bands of PAGE gels stained with silver nitrate (see Fig. 5 ) and determining the radioactivity recovered from the specific PCR products. Background values were subtracted. The ration of gDNA/cDNA related radioactivity is plotted on a log-log scale against the amount of gDNA. (29), thereby increasing the phagocytic activity as well as the production and release of various cytokines and other factors (33, 34) . Dex seems to negatively regulate macrophage functions such as release of cytokines or both their tumoricidal and microbicidal activities (35, 36) . On the other hand, Dex is known to stimulate ANP production in other cells (37, 38) . Second, compounds such as zymosan and PMA have been selected to consider specific mechanisms of activation of macrophages responsible for increased ANP production.
Zymosan, a cell wall compound of yeast, is highly phagocytosed thereby triggering the respiratory burst (39) . PMA is also able to stimulate production of oxygen radicals by phagocytes (18). Increased phagocytosis also occurs in the acutely involuted thymus therefore supporting previous findings (11, 12) . Interestingly, stimulation of respiratory burst activity seems less likely to be linked to ANP expression, as PMA failed to interfere with the peptide's synthesis.
Taken together, expression and secretion of ANP by macrophages is correlated with their activation (phagocytosis) which suggests a cytokine-like activity of ANP. Therefore, ANP originating from these immune cells may contribute to local and systemic aspects of host defense mechanism. First informations on corresponding functional activities of ANP have been reported (42, 43) . ANP produced by macrophages may also control the vascular tone in sites of inflammation as the peptide is known to induce vasorelaxation (1) .
